It has often been suggested that some of the lines of work developed during and since the war in relation to Service problems can be directly applied to automation: studies for example, of responses to rapid series of signals, of situations requiring vigilance, and of displays and display-control relationships-in short, the stuff of which the psychological aspect of ergonomics has in large measure hitherto consisted. It would seem, however, that these studies are directly relevant in only a very limited way. Industrial conditions from this point of view are more leisurely and predictable than those in the Services, so that rapid response is seldom needed except in rare circumstances, as, for example, in sudden emergencies. Vigilance situations are of types which have in the past shown relatively little problem in that they do not involve the observation of short-duration signals occurring at random, but of watching developing trends in a situation where signals for action do not quickly come and go but gradually increase in magnitude until they are dealt with. Men can get used to almost any display conditions and display-control relationships that are not so obviously wrong that they have already been considered from an ad hoc point of view by management and engineers. There is still a great deal of research to be done on these matters for industry has not managed to solve all its own problems in this area, or indeed to realize them, but solving them would not remove many *This paper derives from a survey by Miss H. M. Clay, Dr. E. R. F. W. Crossman and the writer, which is being undertaken for the Department of Scientific and Industrial Research and sponsored by the D.S.I.R. and M.R.C. Joint Committee on Individual Efficiency in Industry in an attempt to assess in terms of human skill the demands of work normally included under the heading of automation. The word " skill " is used here in a somewhat broader sense than commonly in industry, to cover not only recognized trade and craft work but any human performance which can show an " expert " quality. The paper represents an attempt at orientation following a study of the literature and a number of factory and other visits, both viewed against a background of general experimental psychology. It was read at a Symposium held by the Ergonomics Research Society at Bristol on April 8-11, 1957. of the main human problems of operating and maintaining automatic machinery.
The Service work is significant for our present purpose, however, to the extent that it implies, when taken in conjunction with more fundamental studies, A few other points may be more briefly mentioned.
Anticipatory Action and Prediction When a man forms part of a control loop, the time relations are important between the taking of action and its becoming effective. If the time is long the man must either predict the effects of his actions so that he makes a " ballistic" adjustment to his controls which will produce the correct results after the system has settled down, or he will tend to oscillate in a series of more or less violent overcorrections. If using velocity controls he may also be faced with the need to remember action taken at one moment with a view to taking cancelling action at a later time, often, if the process is slow, after other actions have been taken during the interval. The load upon his short-term retention in such circumstances can be severe, with consequent danger of adjustments being forgotten.
Where possible, it would be worth while to build into the apparatus means of avoiding the need for the operator to predict and remember in this way, for example, by giving indication immediately of what the eventual effect of his action will be when the system has settled down, or of storing data for him by devices such as cursors on scales which can be set to indicate required readings so that discrepancies can easily be noted. To There remains a requirement to perform actions in the correct order, but with many automatic machines, especially, for example, with tape-fed machines, the order of actions is worked out once for all at leisure and does not have to be carried in the mind of the operator the whole time. For him, the simpler routine of loading the machine is sufficient, and this can be made common to what would before have been tasks involving many different routines.
Automation may also tend to replace fine subjective judgments, such as of the colour of molten metal, which may take years to acquire and, like fine graded movements, require continual practice to maintain.
Viewing these changes together it appears that automation tends to conserve skill in the sense that it reduces the need for traditional components of skill to be used repetitively, and leaves men to use their unique human capacity for dealing with the complex and the variable in primary construction, in emergencies, and to some extent in maintenance. Even in this last we may doubtless look forward to a kind of " meta-automation " where such items as tool grinding will be carried out automatically. designing programmes for computers seem to derive satisfaction from the fact that a new programme, once made, is in a sense a unique and enduring product, capable of continued use without having to be created again. We may perhaps add that the automatic production of necessities and " essential luxuries" may well bring greater opportunities for the artist and craftsman in certain areas of production not covered by automation, and bring their work into increasing demand.
The indications of the various points outlined in this paper are by no means mutually compatible, so that the machine and process designer will often have to balance one inconsistent requirement against another. The result-that each case needs careful individual consideration-does not mean, however, that general principles cannot be formulated. It does mean some rather exacting analytical thinking on the part of those who seek to understand the psychological problems of automation.
Summary
An attempt is made to outline some of the factors in human skilled performance which seem, from the standpoint of experimental psychology, likely to be of importance in work with automation equipment.
Automation appears to reduce the need among operators for actual manipulative skill but to place increased emphasis upon a number of more intellectual capacities. These demands are discussed in terms of (1) the limited " information channel capacity" of the human organism with the suggestion that both over-and underloading of this capacity are to be avoided; (2) the need for consistency in the relationships between display and control; and (3) the coordination of data from many sources and arriving at different times, and the conceptualization of the task which appears to be necessary for adequate performance.
Briefer discussion is included of the problem of what constitutes adequate information in displays, of the most suitable routines for repair work, of the urgent need to devise methods of re-training middle-aged operatives who have to be redeployed, of what is meant by " responsibility " on the part of operatives, and of the likelihood that automation will result in gains as well as losses in work satisfaction.
